In order to determine the working conditions for direct methanol fuel cell and to gain higher performances, two one-dimensional, steady-state numerical models have been presented to evaluate the performance of direct methanol fuel cells (DMFCs) using Matlab. Genetic algorithm and direct Monte Carlo algorithm have been employed to determine the optimization operation conditions of the DMFC. The cell maximal power density has been predicted via the genetic algorithm. ComparinG with the direct Monte Carlo algorithm, the genetic algorithm has been found to be more efficient and useful.
INTRODUCTION
Due to the rapidly growing portable electronics market and the need for leisure, military or telecommunication equipment, miniature fuel cells have been attracting more and more attention. The micro direct methanol fuel cell is considered as the most promising type of fuel cell for small power-supply units because of its advantages of ambient condition operation, which is most essential for portable application [1] . Arunabha had reviewed current development and applications for micro fuel cells, which give detailed applications of micro direct methanol fuel cells [2] .
In order to improve the performances of direct methanol fuel cell, many efforts have been carried out. Some scientists have been engaged in designing and fabricating new structure DMFC [3] [4] [5] [6] , where some researchers studied in mathematical models for DMFC using computer to provide useful ways in making better performing direct methanol fuel cells. In 1999, Baxter et al. developed a onedimensional, single-phase mathematical model for a liquidfeed DMFC, which focused on the anode catalyst layer. Scott et al. developed a single-phase model to study the transport and electrochemical processes in liquid-feed DMFC and showed that the cell performance was limited by the slow diffusion of liquid methanol. three-dimensional, two-phase, multi-component model of a liquid-fed DMFC which consisted of the membrane, two catalyst layers, two diffusion layer, and two channels [7] [8] [9] [10] [11] .
In this paper, a simple one dimensional mathematical modeling of DMFC has been presented, which implies that not only anode methanol concentration and cathode oxygen concentration but also the current density of fuel cell can influence the power density of the DMFC. In order to determine the optimation control condition of the DMFC, direct Monte Carlo algorithms and genetic algorithms have been used. The results of direct Monte Carlo algorithms and genetic algorithms imply that clever control strategies could possibly enhance the power density.
ONE-DIMENSIONAL MATHEMATICAL MODEL FOR DMFC

Regions in Modeling DMFC
For the sake of mathematical modeling, a fuel cell can be divided into two main groups; porous regions and flow channels. The modeling regions in DMFC in this study are illustrated in Fig. (1) .
Nomenclature
The nomenclature of the modeling and simulation of the DMFC in the paper are illustrated as follows: 
Assumptions in the Model
The major assumptions adopted in the model are as follows:
(1) One-dimensional model, changes in x-axis is considered;
(2) Due to the high thermal conductivities of the cell components, the cell temperature is assumed to be constant and uniform; (3) The pressure is uniform within each cell compartment; (4) Materials in each catalyst layer are homogeneous; (5) Due to the amount of water in the anode flow channels, the membrane is considered to be fully hydrated; (6) The voltage drop caused by contact resistance is ignored; (7) The overpotential caused by methanol crossover is directly proportional to the concentration of methanol at the cathode.
Governing Equations
The transport process of methanol in the anode diffusion layer and oxygen in the cathade diffusion layer can be described as follows:
and
where N cross is the methanol crossover. Neglecting the methanol concentration in the cathode catalyst layer, we can write 
Substituting (3) to (2), solving (2) with the boundary condition C methanol ADL x=0 = C methanol AFC and substituting x = l ADL into the solution, we get the concentration of methanol in the anode catalyst layer: 
The profile of proton current density j x ( ) across the anode catayst layer and the cathode catalyst layer can be described as a Tafer kind equation and Ohm law:
and dj x
The cell voltage is a sum of losses at the anode, at the cathode and in the membrane
And then we obtain the cell power density
Substituting (4) to (6), solving the differential equations (6) and (7) with the boundary condition: j x=x a = 0 and j x=x pa = I , we can obtain
In the same way, substituting (5) to (6), solving the differential equations (8) and (9) with the boundary condition: Then, we can obtain the cell voltage V cell and the cell power density P .
RESULTS AND DISCUSSIONS
DMFC exhibits limiting current behavior due to mass transfer limitation of methanol supply to anode. The simulation result implies that the power density of DMFC changes along with the anode methanol concentration and the current density. Fig. (2) shows that maximum current density increases correspondingly to the increase of methanol concentration, especially at low methanol concentration. Considering that, we can reasonably deduce that the effect of methanol crossover on fuel cells' performance could be ignored, when methanol concentration is not high. Thus, fuel cells' performance is improved by increasing methanol concentration, when methanol concentration is not high.
However, as methanol concentration increases, methanol crossover phenomena is becomes more strict imposing a restriction on current density limitation and maximum power density, as seen in Fig. (3) .
Three intelligent optimization algorithms which are direct Monte Carlo algorithm, simulated annealing algorithm and genetic algorithm have been used to optimize the DMFC design. The maximal power density of the DMFC is 0.042933W/cm 2 when anode methanol concentration is 0.663mol/L with current density being 0.229A/cm 2 . On condition that anode methanol concentration, cathode oxygen concentration and current density are optimized, the maxim power density can be achieved to 71.5mW/cm 2 , when anode methanol concentration is 2.32mol/L, cathode oxygen concentration 0.06mol/L, and current density is 545.67mA/cm 2 . Comparison among the results of these three intelligent optimization algorithms implies that these three intelligent op-timization algorithms are all valid to find out the best working condition and maximum power density.
In this paper, Direct Monte Carlo Algorithms and Genetic Algorithms have been presented in order to determine the optimation opeartion condition of the DMFC, such as anode methanol concentration, cathode oxygen concentration and cell current density.
A genetic algorithm comprises three phases (operations): mutation, crossover and fitness selection. Now the fitness is defined as follows:
Using Matlab and the Genetic Algorithms, toolbox of Matlab can solve these problems. 6) with Fig. (7) , we can see that after 2000 generation a preferable result could be obtained if there are three variables. If Table 1 is compared to Fig. (4) and Fig. (5) , it shows that a Best: -0.071386 Mean: -0.065294 while the anode methanol concentration is 2.28M , the cathode oxygen concentration is 0.00596M, and the current density is 0.537422A/cm2, the maximal power density can achieve 71.386mW/cm2. Best: -0.071471 Mean: -0.059462 while the anode methanol concentration is 2.32M , the cathode oxygen concentration is 0.00601M, and the current density is 0.537422A/cm2, the maximal power density can achieve 71.471mW/cm2.
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preferable result can also be obtained using direct Monte Carlo algorithm if there is substantial stochastic number with only two variable. However, it is not efficient. If there are three variables, it is hard to get a preferable result using direct Monte Carlo algorithm. As a result, the genetic algorithm is more efficient than direct Monte Carlo algorithm when optimizing the DMFC performances.
CONCLUSIONS
A numerical solution of a simply one dimensional DMFC mathematic model is presented in this paper. Direct Monte Carlo algorithm and genetic algorithm are used to optimize the DMFC performance. Comparing with these two algorithms, genetic algorithm is found to be more efficient and more exact. The results of genetic algorithm imply that if we optimize the operation condition of a DMFC, a higher power density of DMFC can be achieved. 
